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@) A numerical control unit.

@ A numerical conirol unit is provided for control- sive to machine tool movement, provides pulses to

ling the movement of a machine element (19) or
workpiece with respect to a movable machine tool
device (9), such “as a lathe, milling machine or drum
press, in response to input control information as
well as detected miachine tool position and speed

registers (11,14) that store position and speed in-
formation. Synchronized control of the machine tool
(9) and machine element «(19) or workpiece move-
ment on the basis of both position and speed param-
eters is conducted under processor control (17).

information. A pulse generation system (10), respon-
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A NUMERICAL CONTROL UNIT

The present invention relates to a numerical
control unit for performing drive control of a mov-
able part of a machine by means of a control
program. In particular, it relates to the coordination
of the motions of a numerically controlled machine
tool and an associated machine element.

Figure 7 is a functional block diagram illustrat-
ing a conventional numerical control unit. In Figure
7, a control program 1, organized as blocks of
instructions, is provided to a program processor 2
which will read the control program 1, decode its
data, and create control command data. A machine
controller 3 receives control command data from
the program processor 2 and is in communication
with an interface 4 to the machine 9 (indicated
schematically by dashed lines) that is being con-
trolled. The controller 3 is operative to control start-
up of the program processor 2 in accordance with
a control signal from the machine interface 4, re-
ceive detected rotational speed data, add execution
speed data to the control command data, and gen-
erate output command data. Also connected to the
machine controller for receiving output command
data from the controller is an interpolation/pulse
distributor 5 for distributing direction signals for
directing movement along each of two orthogonal
axes, in accordance with the control command
data. the direction signals are received by X-axis
and Y-axis serva amplifiers 6A and 6B, respec-
tively, for driving corresponding servo motors 7A
and 7B according to the control command data.
The linear position of the machine 9 is identified by
an X-axis detector (puise generator) 8A and a Y-
axis detector (pulse generator) 8B and the position
information is fed back to the corresponding servo
amplifier 6A, 6B.

The system also includes another machine (not
shown) which is not controlled by the control pro-
gram 1, but which may also operate in some fash-
ion on the workpiece. Information on the operation
of this machine, for example the speed with which
a part of the machine moves in the system, is
identified by a detector (pulse generator) 10, which
produces pulses in relation to the movement of that
device by a predetermined distance or angle of
rotation in a given time span. The detected speed
value is placed in a speed register 11 for subse-
quent reading by the machine controller 3. A con-
trol panel 12 is located on the machine 9 for
controlling operation of the machine 9.

In operation, when a machine operation START
signal is entered into the machine controller 3
through the machine interface 4, the machine con-
troller 3 causes the program processor 2 to begin
reading the control program 1. the program proces-
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sor 2 reads the control program 1 in order on a
block-by-block basis, starting at the beginning
thereof, and decodes the program instructions. The
program processor 2 then converts the decoded
control program 1 into an integral processing data
structure, creates control command data, and out-
puts that confrol command data to the machine
controller 3. In response to the control command
data, the controller 3 generates machine ON-OFF
control signals that are output to the machine 9 to
be controlled,via the machine interface 4. The con-
troller 3 also generates axis control data that is
output to the interpolation/pulse distributor 5 as X-
axis and Y-axis control commands. The axis control
commands are limited by established execution
control speeds, based on execution speed data
(override) sent by the external control panel 12 via
the machine interface 4. Thus, the machine control-
ler 3 is capable of executing the entire numerical
control function for machine 9 in accordance with
operation control signals from a processor or an
operator.

The interpolation/pulse distributor 5 may em-
ploy linear or circular interpolation and can control
acceleration/deceleration in accordance with the
axis control commands and the execution speed
data. the interpolation/pulse distributor 5 distributes
and outputs control signals to the servo amplifiers
B6A and 6B. The servo amplifiers direct machine
movement along the X- and Y-axes, according to
the control program 1, by controlling the positions
and speeds of the servo motors 7A, 7B in accor-
dance with the control signals of the corresponding
axes and the feedback signals generated by the
corresponding detectors 8A and 8B.

In addition to the aforementioned general nu-
merical control operation, control can be carried
out in synchronism with movement of the external
machine element or system. The speed register
11, which stores a detection signal (pulse train
signal) from the detector 10 in the external system,
reads the pulse train signal at predetermined inter-
vals and stores the read signal serially as speed
data. If the control program 1 contains an instruc-
tion for the conduct of a synchronized machine
9/external machine operation, the program proces-
sor 2 decodes that instruction and provides an
appropriate command to the machine controller 3.
When synchronized control is to be performed, the
machine controller 3 reads the speed data of the
speed register 11 serially at predetermined inter-
vals, calculates the appropriate execution speeds
for the axis control commands in accordance with
the most recent speed data, and outputs the appro-
priate control commands to the interpolation/pulse
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distributor 5. Through the above operation, control
of the machine 9, synchronized with movement in
the external system, can be obtained.

However, the conventional numerical control
unit will only allow speed synchronization control
movements in the external system. For example,
the conventional unit can perform only limited syn-
chronized machining of workpieces requiring posi-
tion control, for example a threading operation on a
lathe or a tapping operation on a milling machine.
Specifically, the conventional unit cannot be used
with a device requiring both position synchroniza-
tion control and speed synchronization control.

The object of the present invention is to over-
come the disadvantages in the conventional sys-
tem by providing a numerical control unit which will
permit position synchronization contro! in addition
to speed synchronization control.

According to the present invention there is
provided a numerical control unit operative in re-
sponse to contral program commands for control-
ling movement of a first device, operating in a first
control system, with respect to a second device
that is movable at selected speeds and between
selected positions in a second control system not
controlied by the numerical control unit, comprising
speed information storing means for storing and
updating speed information on the second device
and synchronization control means for performing
synchronization control of the first device with re-
spect to the second device, and characterised in
that position information storing means is provided
for storing and updating position information on the
second device, and in that the synchronization con-
trol means operates in accordance with synchro-
nization commands and the position and speed
information stored in the information storing means
to perform synchronization control of the move-
ment of the first device with respect to movements
of the second device.

In the invention, if a command from the control
program designates speed synchronization, the
synchronization control processor reads the speed
data for the driven object in the workpiece system
from the speed information storage and controls
the machine execution speed in order to perform
speed synchronization. If the control program has
commanded the implementation of position syn-
chronization, the synchronization control processor
serially reads the data for the driven object In the
external system from the position information stor-
age, compares that data with the command syn-
chronization position, and, on identifying the syn-
chronization position, performs start/stop control of
the driver for the machine to be numerically con-
trolled. If both position and speed synchronization
are commanded, the above two types of control
are processed in paraliel to perform position/speed
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synchronization.

The present invention will now be described by
way of example with reference to the accompany-
ing drawings, in which:

Figure 1 is a block diagram of a numerical
control unit according to a preferred embodi-
ment of the present invention;

Figure 1A illustrates an external system, here a
rotary press, with which the numerically con-
trolled apparatus of the invention is synchro-
nously operated;

Figure 2A illustrates the rotational position of a
rotary crank of a press machine and Figure 2B a
variation in the vertical position of a die during a
pressing operation as the crank rotates;

Figure 3 illustrates an example of a control
program usable with the embodiment shown in
Figure 1, together with a schematic diagram of
the numerically controlled machine;

Figure 4 illustrates the relationship between
crank position and X-, Y- axis control commands
executed according to the program of Figure 3;
Figure 4A illustrates the synchronization control
processor of Fig. 1 in greater detail; )
Figure 5 is a processing flowchart for the syn-
chronization control processor used according to
the embodiment in Figures 1 and 4A;

Figure 6 is a processing timing chart illustrating
speed synchronization control according to the -
embodiment in Figure 1; and

Figure 7 is a block diagram of a conventional
numerical control unit.

in the drawings, the same reference numerals
are used throughout to designate like or corre-
sponding parts.

A preferred embodiment of the present inven-
tion will now be described using, as an example,
workpiece transter control for a rotary press. Refer-
ring to Figure 1, a program 1, stored in memory,
on disk, tape or the like, is accessible by a pro-
gram processor 2, which is connected to a ma-
chine controller 3 and a synchronization control
processor 17, to be described later. The controlier
3 communicates with the processor 17, a machine
interface 4, and an interpolation/pulse distributor 5.
As previously described with respect to Figure 7,
servo amplifiers 6A, 6B receive pulse signals from
pulse distribution unit 5 and drive X-axis and Y-axis
servo motors 7A and 7B, respectively, using feed-
back from detectors 8A, 8B for control of the op-
eration of machine 9, which is a press feeder for
example. A detector (pulse generator) 10 is directly
connected to a driven rotary element of the press,
and a speed register 11 detects the speed of
rotation of this element. A machine control panel 12
inputs control information for the machine. To this
construction the present invention further adds a
direction judging device 13 for judging the direction
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of the detector signal pulse (a two-phase signal). A
position register 14 accumulates positive and
negative-direction pulses output by the direction
judging device 13, and a setter 15 presets position
data in the position register 14. The system is
completed by a position input device 16 and a
reset (clear to zero) switch 16A. The synchroniza-
tion control processor 17 carries out synchroniza-
tion control in accordance with data from the speed
register 11 and the position register 14 in response
to synchronization commands originating from the
control program 1.

Figure 1A illustrates one example of an exter-
nal (non-numerically controlled) system, here a ro-
tary press. The press includes a crank 21 which
raises and lowers die 20 for , for example, punch-
ing apertures in successive workpieces. At the end
of the crank resides the detector 10, which gen-
erates pulses in accordance with rotary movement
of the crank. the crank and thus the attached die
are driven by a motor 22, which is controlled in-
dependently of the numerical control (NC) system
and the machine 9.

The numerically controlled machine 9 in our
example includes a workpiece carry-in and carry-
out device 19, including an arm with an attached
clamp movable in an X-Y plane. The movement of
the arm is controlled by the servo motors 7A, 7B
also shown in Figure 1. In operation, the arm will
be caused to grasp the workpieces arriving from a
carry-in conveyor 24, move the workpieces into
position for punching on the lunch, and after
punching, retrieve the workpieces and deliver then
to a carry-out conveyor 26. Also shown in Figure
1A are the servo amplifiers 6A and 6B, and the
remainder of the NC controller, which is shown in
more detail in Figure 1.

Operation of the preferred embodiment is de-
scribed with reference to Figures 1, 1A, 2A and 2B.
Figure 2A illustrates the variable angular position of
the rotary crank 21 of the press and Figure 2B
illustrates the relative position of the die 20 as the
crank 21 rotates. Referring again to Figure 1, the
position register 14 should be reset by the setter
15 s0 as to be zeroed at a 0° position (top dead
centre) of the crank 21. Setting device 16 indicates
the value (usually 360° in this example) at which
the setter 15 should perform this function. At this
position, the die 20 is located at the top dead
centre. When the crank 21 rotates, the detector 10
(which may be a synchronous decoder) will gen-
erate pulses, e.g., one for each predetermined in-
crement of rotation, and provide then via the direc-
tion judgement circuit 13 to the position register 14,
which serlally accumulates (increments and de-
crements) a pulse total as an indication of current
position (current angular position of the crank 21,
which is related to the current height of the die 20).
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As the crank 21 rotates, the position of the die
20 varies between top dead centre and bottom
dead centre, in a reciprocal manner. The position
register 14 is set to 0 by the setter 15 when the
angular position reaches 360° (0°) at each rota-
tion. By the above operation, the current rotational
position of the rotary crank is stored and serially
updated in the position register 14.

Figure 3 shows an example of a control pro-
gram illustrating the operation of the present inven-
tion. In Figure 3, a schematic diagram of the ma-
chine arrangement of Figure 1A is shown in con-
junction with a typical NC program. The program
illustrated is designed to cause the arm to pick up
a workpiece from the carry-in conveyor side, de-
liver the workpiece to the press, and pick up the
pressed workpiece and deliver it to the side of the
carry-out conveyor.

Step 1 of the program is a GOO instruction,
which commands high speed linear movement.
Here, the instruction requires movement in the -Y
direction, corresponding to movement "1" shown in
Figure 3 (movement to the left to the carry-in
station to pick up a workpiece). Step 2 commands
operation of the clamp, so that the work will be
grasped. Step 3 instructs speed synchronization
(G95) as well as positional synchronization (G101)
of the next movement with the speed and position
of the press, specifically the speed of rotfation of
the crank 21 and the position of the crank 21,
which translates as the position of the die 20. In
step 3, the arm with its clamped workpiece will
travel along path "2" shown in the upper part of the
figure at a synchronised speed F10 (explained
hereinafter) beginning at a time when the crank 21
reaches a rotary position of 30° (determined by
instruction "R30") from top dead centre. As a re-
sult, the workpiece will be delivered to the press as
the die 20 is moving down toward the pressing
position. It can be easily seen that it is necessary
in cases such as the present that the operation of
the arm be synchronized positionally with the loca-
tion of the die 10, as otherwise the workpiece may
be inserted too late and may interfere with die
movement and/or damage the die 20. The speed of
the press and thus the die 20 is not controlled by
the numerical controller, and thus it is necessary to
adapt the numerical control of the arm to the actual
conditions (i.e. the operational speed) of the press,
which may be variable. To this end, the speed of
operation of the arm is determined by the speed of
operation of the press in those cases where speed
synchronization is commanded, and the start of
operation of the arm is tied in to the position of the
crank 21 in cases where positional synchronization
is commanded.

In step 4, the workpiece is unclamped, and
thus is positioned within the press. Step 5 com-
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mands the retraction of the arm away from the
press, along path "3" shown in the figure, with
speed synchronization (G95) only, at speed F20.

After pressing, movement is instructed along
path "4" in the figure to retrieve the finished work-
piece (step 6). In this example, this operation is
also performed with speed and positional synchro-
nization, so that the movement commences when
the crank angle has reached the 190" position (just
past bottom dead centre), and precedes at syn-
chronized speed F10. In step 7, the workpiece is
clamped, and in step 8, travel along path "5" is
instructed, at synchronized speed F20, to deliver
the workpiece to the carry-out conveyor. Finally, in
steps 9 - 11, the workpiece is unclamped, releasing
the workpiece, the arm moves to the left at high
speed back to the start position, and the program
loops back (M99) to the start position (step 1).

The "synchronized speeds” referred to above
may be explained as follows. The number which
follows "F" in the speed instruction indicates the
amount of X-Y plane travel per unit pulse of the
detector 10, in millimetres. Therefore, the "F10"
instruction sets the arm movement speed at 10mm
per pulse of the detector 10. Since each detector
puise corresponds to a certain angular movement
of the crank, the speed of the arm is synchronized
with the speed of the crank, and thus the move-
ment of the die. Figure 4 shows the X/Y axis
movement of the numerically controlled arm, in
synchronization with the angular position of the
crank, for the command sequence of Figure 3.

In Figure 4, the circled numbers correspond to
the movements indicated in Figure 3. By way of
example, it can be seen from Figure 4 that move-
ment along path "4" (corresponding to step 6 in
Figure 3) is begun at a point corresponding to a
crank position of 190°. Only an X-axis movement
is shown here because step 6 involves only X-axis
movement. This movement is followed in Figure 4
by joint X and Y axis movement along path 5, as
instructed by step 8 of the program of Figure 3.
This is followed by movement along path "6", in
the "Y" direction only, as commanded by step 10
of the program. It wiii be noted from Figure 4 that
the sped of movement of step 6 is greater than that
of steps 4 or 5 (the height of the trapeziod is
indicative of speed) because the step 6 command
is a high speed traverse (G00). The movement
designators are trapeziodal in Figure 4 to iilustrate
the acceleration and deceleration at the beginning
and the end of each movement. '

Figure 4A illustrates the synchronization contro}
processor ("SCP") 17 in greater detail. This device
is responsible for acting on the synchronization
commands in the user program to coordinate the
synchronization function. The SCP includes a pro-
grammed position reader 60 which detects a G101
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(position synchronization) instruction from the pro-
gram processor 2, and reads the designated posi-
tion value (contained in the "R" instruction of the
program) and stops operation of the interpolation
pulse distributor 5 in response. This latter action
prevents the current command block (X-Y move-
ment) from being executed immediately. A syn-
chronization position detector 61 reads the current
position of the crank 21 from the position register
14, and operates to start the interpolation pulse
distributor 5 when the position read from register
14 corresponds to the program-designated position
value, so that the distributor 5 is instructed to
execute the command block. it is thus possible to
start the carry-in operation or the carry-out opera-
tion immediately once the crank angle of the press
corresponds to the program commanded synchro-
nous position.

A programmed feed speed reader 62 reads the
programmed synchronization feed speed ( from the
"F" instruction in the program) in response to a
(G95 (speed synchronization) command, and starts
the operation of a processor 63 which will calculate
the actual feed speed of the arm from the "F"
value and the current speed of the crank, the latter
being read from register 11. The calculated value is
then sent to the machine controller 3. Reading and
computation take place within a very short interval
(indicated in Figure 6) so that speed control will
closely follow fluctuations in the speed of the exter-
nal apparatus, here, the crank speed.

. Figure 5 is a flowchart illustrating the operation
of the synchronization control processor 17 in ef-
fecting the above described functions. Pracessing
of an external position/speed control routine, for
implementing the synchronization commands (GS5,
G101) provided by the program processor 2, is
performed at a predetermined interval of several
milliseconds. In the absence of a speed synchro-
nization command G35 at step 101, processing is
carried out to determine the presence of a position
synchronization command (G101) at step 111. If
neither is present, the routine repeats. Assuming
command 101 is present, the synchronization posi-
tion data specified by the program (in the "R"
instruction) and present position data stored in po-
sition register 14 are read at steps 112, 113. The
present position is updated every cycle and is
used for a determination of whether the synchro-
nization position has been reached at step 114, If
the data obtained does not indicate that the crank
21 is at the synchronization position, implementa-
tion is held off and the flow is repeated. When the
data indicates that the crank is at the synchroniza-
tion position, a start command is given to the
interpolation/pulse distributor 5 at step 115, and
position synchronization is thus carried out.

If there is a synchronization speed command



9 EP 0 436 887 A1 10

(G95), the flow proceeds from step 101 to step
102, where the presence of the position synchro-
nization command G101 is determined. if the G101
command is not present, the program proceeds to
step 107 where the programmed synchronization
speed is read ( from the "F" instruction), followed
by a reading of the crank speed data stored in
speed register 11. The correct arm speed is cal-
culated by the processor 63 in step 109 using the
read crank speed value and the mm/puise value
obtained from the "F" instruction, and the speed
data is output to the machine controller 3 in step
110. This speed value will be valid until the, next
loop through the program, at which time a new
speed value may be calculated, depending on the
detected speed of the crank at that time.

In the event that a position synchronization
command G101 is present in addition to a speed
synchronization command G95, the program pro-
ceeds from step 102 to step 103, where the syn-
chronization position is read, followed by step 104
where the position register 14 is read. At step 105,
the processor determines whether the synchroniza-
tion position has been reached. If not, the program
proceeds to step 107 for calculation of the speed
data. The programmed synchronization speed will
be read (step 107), the speed register read (step
108), and the synchronization speed of the arm will
be calculated (step 109) with the speed data being
output to the machine controller at step 110. If the
synchronization position has been reached at step
105, the interpolation/pulse distribution circuit 5 will
receive a START directive from processor 17 to
start the operation of the servo amplifiers at step
106, prior to proceeding to speed calculation and
control steps 107-110.

In short, the synchronization speed is calcu-
lated and output to the machine controller every
cycle so long as a speed synchronization com-
mand G95 is present, but the position synchroniza-
tion operation proceeds only when the crank is at
the synchronization position. When both position
and speed synchronization control are conducted,
the processing of both is executed in one cycle,
following the left side of the Fig. 5§ flowchart.

Figure 6 is a processing timing chart illustrating
the speed synchronization of the synchronization
control processor 17 and the machine controller 3.

The figure shows the timing involved in reading
the position information stored in the register 11
and/or 14 and then performing processing based
on the read data. A reference timing block is shown
in line A, the period of which is generally less than
20ms. External position and/or speed
reading/processing is conducted starting at the be-
ginning of one reference block as shown in line B.
During a portion of the reference block, a speed
synchronization operation/calculation is conducted,
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as indicated by the hatched block portion. Follow-
ing termination of that operation, the machine con-
troller receives the output data and conducts a
speed synchronization control operation in which a
calculated value is output to the interpolation/pulse
distributor 5, as seen in time line C, starting at the
beginning of the next reference block.

It will be appreciated that instead of command-
ing only a start position for the position synchro-
nization contro! as in the foregoing embodiment,
both start position and a stop position may be
indicated in the control program and these posi-
tions may be discriminated by the synchronization
control processor 17.

It will further be appreciated that a start may be
effected at any time, as necessary, and only the
stop position need be synchronized with the exter-
nal position.

It will further be appreciated that in addition to
the aforementioned start/stop control by position
synchronization, the external position data and a
numerically controlied coordinate position may be
overlapped with each other to enable more fine
control.

It will be apparent that the invention, as de-
scribed above, permits a numerical control unit to
provide of speed synchronization control, position
synchronization control and speed/position syn-
chronization control with a driven object, particu-
larly a machine element operating in a control
system other then that which is numerically con-
trolled.

It also will be apparent that the external system
need not be limited to a system operating on a
workpiece, but may comprise any second machine
operative with the numerically controlled system.

Claims

1. A numerical control unit operative in response
to control program commands for controlling
movement of a first device (9), operating in a
first control system, with respect to a second
device (20,21) that is movable at selected
speeds and between selected positions in a
second control system not controlled by the
numerical control unit, comprising speed in-
formation storing means (11) for storing and
updating speed information on the second de-
vice (20,21) and synchronization control means
(17) for performing synchronization control of
the first device (9) with respect to the second
device (20,21), and characterised in that posi-
tion information storing means (14) is provided
for storing and updating position information on
the second device (20,21), and in that the
synchronization control means (17) operates in
accordance with synchronization commands
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and the position and speed information stored
in the information storing means (14) to per-
form synchronization controf of the movement
of the first device (9) with respect to move-
ments of the second device (20,21).

A unit as claimed in Claim 1, characterised in
that a means (10) for detecting the speed and
position of at least one element (21) of the
second device is provided to generate signals
for output to the storing means (11,14).

A unit as claimed in Claim 2, characterised in
that the means (10) for detecting operates to
judge a relative direction of movement of the
element (21) of the second device (20,21).

A unit as claimed in Claim 2 or Claim 3,
characterised in that the position and speed
information storing means (11,14} are respon-
sive to pulses and in that the detecting means
(10) further comprises pulse generating means
responsive to the movement of the element
(21) of said second device (20,21).

A unit as claimed in any one of Claims 1 to 4,
characterised in that the position information
storing means (14) is selectively resettable at a
reference position.

A method of controlling a numerical contro!
unit operative in response to control program
commands for controlling movement of a first
device (9), operating in a first control system,
with respect to-a second device (20,21) that is
movable in a second control system and not
controlled by the numerical control unit, com-
prising detecting the speed of at least one
element (21) of the second device (20,21), and
storing data identifying the detected speed.
and characterised in that the position of at
least one element (21) of the second device
{20,21) is also detected and stored, and in that
all the stored data is processed and the move-
ment of the first device (9) is controlled in
synchronism with the movement of the second
device (20,21)

A method as claimed in Claim 6, characterised
in that the processing of either the speed data
or the position data is selected by control
program commands.

A numerical controller operative in response to
control program commands for controlling
movement of a first device (9) in synchronism
with a second device (20,21) not controlled by
said numerical controller, comprising means
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(10) for detecting the speed of at least one first
element (20,21) of the second device (20,21);
and means (17) for pracessing speed synchro-
nization commands in the control program
command, comprising means (62,63) for inter-
preting a speed synchronization command and
for controlling the speed of at least one ele-
ment (19) of the first device (9) in synchronism
with the speed of the first element (21) of the
second device (20,21); and characterised in
that means (10) for detecting the position of at
least one second element (21) of the second
device (20,21) is provided together with means
(17) for processing position synchronization
commands, which comprises means (60,61) for
interpreting a position synchronization com-
mand and for controlling the movement of at
least one element (19) of the first device (9) in
accordance with the position of the second
element (21) of the second device (20,21).

A controller as claimed in Claim 8, charac-
terised in that the first and second elements
(21) are the same element.
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